Graphene synthesis
Graphene was produced using atmospheric pressure chemical vapour deposition using copper as the catalyst with the following conditions. Copper foil (99.8% Alfa Aesar) was loaded into a 1 inch quartz tube in a CVD furnace system and then purged with Ar for 40 minutes at a flow rate of 0.4 l/min before increasing the temperature to 1000 o C. A 1:3 H 2 :Ar gas mixture was then added with a flow of 80 sccm for 30 minutes to anneal and reduce the surface of the copper foil. The flow of the H 2 :Ar gas mixture was then reduced to 15 sccm and 10 sccm of 1:4 CH 4 :Ar gas mixture was added to grow graphene for 15 minutes. The sample was then rapidly cooled by sliding the quartz tube and removing the sample from the hot zone of the furnace. Raman spectroscopy shows a higher than unity ratio of the 2D:G peaks, confirming the number of layers as 1-2.
Graphene transfer
To transfer the graphene, a thin film of PMMA was spin-cast onto the surface of the graphene and then the copper was etched away using iron chloride solution. This leaves a floating graphene-PMMA film on the surface, which is collected with a clean glass slide and transferred to a beaker of water to rinse off excess iron chloride. It is then transferred to a 5% HCl solution for 5 minutes duration in order to dissolve any excess iron chloride that may be adhered to the graphene. Next, the graphene-PMMA film is transferred to a beaker of water to remove any excess HCl. A holey Si 3 N 4 TEM grid is mounted onto a glass slide with adhesive and used to scoop up the floating graphene-PMMA film so that the graphene makes contact with the Si 3 N 4 membrane. The grid with the transferred film is removed from the adhesive, placed in a crucible and put into an open furnace set at 350 o C for two days to burn off the PMMA. We found that minimal damage occurred to the graphene, and damage generally only occurred when the majority of the iron chloride was not removed. After two days of burning all the PMMA is removed leaving graphene covering the holey SiN grid. Even though this process produces a relatively clean surface, adsorbates will accumulate on the surface of graphene with time. Before TEM imaging, the samples were heated at 180 o C under a vacuum of 5x10 -6 mbar for 14 hours and then immediately inserted into the microscope column for imaging.
Transmission Electron Microscopy
HRTEM imaging was performed using the Oxford JEOL JEM-2200MCO field-emission gun transmission electron microscope, fitted with CEOS probe and image aberration correctors and a double
Wien Filter monochromator operated with a 5 µm slit to reduce the energy spread of the electron beam to 217 meV at an accelerating voltage of 80 kV. Images were recorded using a Gatan Ultrascan 4k x 4k CCD camera with 1-2 second acquisition times. Typical beam current densities used for imaging were measured using a faraday cup and were estimated as ~ 0.2-2x10 6 electrons/(nm 2 .s). HREM image simulations were performed using the multislice algorithm implemented in the JEMS software with supercells (S3, S4). Supercells were constructed using Accelrys DS Viewer Pro. Figure S1 shows ( 
S2. Microscope conditions

S3 Monochromator details
The monochromator, which is located between the extraction anode of the ZrO/W emitter and the accelerating tube, is composed of two similar Wien filters and a slit between these for energy selection (23) . Each filter consists of a dodecapole-type Wien-filter, which gives improved homogeneity of both 
S4. The effect of instrumental resolution on contrast in images of graphene.
HRTEM simulations were performed for a large area monolayer of graphene in a supercell configuration using the multi-slice approach in JEMS (34, 35) . The spherical aberration coefficient and other parameters were set to match those of the JEOL 2200MCO, with only the defocus spread adjusted;
The defocus was set to 5 nm (overfocus) to balance a small residual spherical aberration (36) to give white atom contrast. The defocus spread was adjusted from 0-8 nm, which effectively reduces the resolution limit by altering the effect of the temporal coherence envelope. Figures S4(a) 
S5. Formation of a dislocation pair from a single atom vacancy.
Two opposite (1,0) edge glide dislocations can be formed from a single atom vacancy by a series of bond breaking and reforming. Figure S6 presents the atomic models illustrating how this process occurs. This creates two opposing glide dislocations, but the difference compared to those formed by the surface adatom process is that they annihilate though recombination back to double vacancy rather than to pristine lattice. A similar process of dislocation pair formation can arise from a starting divacancy. 
S7. Formation of dislocation pairs from Stone-Wales processes.
Figures S7(a)-S7(d) show structural models illustrating how a pair of dislocations can be formed from a Stone-Wales defect using only bond rotations. Figure S7(a) shows two atoms in yellow that undergo a bond rotation to produce the initial Stone-Wales defect in figure S7(b) . The arrow in figure   S7(b) shows the next bond that is subsequently rotated to form the dislocation pair structure in figure   S7(c) . Similarly, the arrow in figure S7(c) shows the next bond that is rotated to enable creep of the dislocation along the glide plane. 
S8. Evidence that dislocations were created by electron beam irradiation.
S9. Geometric Phase Analysis of dislocations in Graphene.
Geometric Phase Analysis was performed in Digital Micrograph using Koch's FRWR tools plugin, which is based on the methods of Hytch et al. (31) (a) Effect of dislocation versus heptagon-pentagon defects. figure S10(b) , and the larger disordered region with the yellow arrow. As in figure S9 , the GPA phase images and strain fields are presented in figures S10(c)-S10(h). Comparing the strain fields from figure S9 and S10 reveals that the dislocations induce significant strain, shear and lattice rotation within the graphene lattice. Figure S11 shows an example where a dislocation pair is separated by a minimal distance. Figure S11 
(b) Comparison of GPA strain measurements with dislocation theory
The ability to measure the strain fields using GPA enables a direct comparison with edge dislocation models including the isotropic elastic dislocation model, the Peierls-Nabarro (PN) dislocation model and the Foreman (FM) dislocation model containing the fitting parameter a (37, 38) . For this comparison we have only considered the strain component ε xx . In all experimental cases the GPA showed that the ε xx strain field surround each dislocation adopts a two lobed structure. The isotropic elastic theory dislocation model predicts a 4-lobed ε xx strain field around the dislocation (figure S12(i)), which is not consistent with our observations and is thus ruled out as describing the strain in graphene from dislocations. Therefore we focus on the PN and FM dislocation models, with ε xx described by equation (1) for the PN model and equation (2) for the FM model:
where b is the burgers vector, a is the fitting parameter, and υ is Poisson's ratio. figure S11 (e). The reason for using the experimental strain field from figure S10(e) is that the distance to the second dislocations is greatest out of all the cases observed, limiting any neighbouring effect. The FM model converges to the PN model when a fitting parameter of a=1 is used.
Comparison of the experimental measurement with the theoretical PN model in figure S12 shows it represents the strain moderately well, but not perfectly. For the FM models, a fitting parameter below a=1, such as a=0.7 in figure S12 (ii)(b) leads to the emergence of a four-lobed structure and deviates from the observed strain field in figure S12 (ii)(h). Overall, the best fit for the observed strain field was found for the FM model with a fitting parameter of a=1.5, which is only a slight deviation from the PN model. This is seen by comparing the circular line profiles (figures S13) centered around the dislocation, as shown in figure S14. Three different radii were used, r = 0.05 nm, 0.1 nm and 0.15 nm. Figure S14 shows the comparison of the normalized experimental data obtained from profiles taken on figure   S12 (ii)(h) with those computed using the FM dislocation model with fitting parameters of a = 1, 1.5 and 2, also normalized. The comparison is best made between the range of 0 -100 o in figure S14 . This shows a fitting parameter of a = 2 is too broad, a fitting parameter of a = 1 is slightly too narrow and a fitting parameter of a = 1.5 is best.
(i)
(ii) between the strain fields from the experimental and simulated images is due to the simulation containing strain from purely double dislocations, whilst the real structure is subjected to additional local forces, such as sample movement that add extra stress to the system. The most noticeable effect of this is in the top region above the dislocations, which is close to the edge of the graphene sheet and also the presence of material on the surface perturbs the structure.
We now consider the real time changes in the strain fields as the dislocations move. As the dislocation on the left hand side moves between (i), (ii) and (iii), the strain field surrounding it follows its motion. It is mainly the region between the two dislocations that changes, as the distance between them varies. 
S10. DFT methodology.
The total-energy calculations were performed within the local-density approximation to density functional theory (39, 40) as implemented in the Quantum-ESPRESSO software package (41) . We used norm-conserving pseudopotentials (42, 43) and a kinetic energy cutoff of 60 Ry. The rectangular unit cell of pristine graphene was extended (14x4) times in order to generate a supercell containing 224
atoms. For the double-dislocation structure shown in figure 4(d) , we used a supercell of 214 atoms and contracted the graphene lattice parameter along the y-axis by 4%. The Brillouin zone was sampled using a (1x2x1) Γ-centered mesh and the atomic positions were relaxed until the maximum force on each atom was smaller than 0.026 eV/Å. The formation energies were estimated using Eq. (1) of Ref. 12.
As it was shown in previous studies, fully converged values of formation energies (8, 32, 44, 45) are difficult to obtain since pentagon-hexagon defects in graphene induce long-range stress fields up to 7-9 Å away from the defect position (46, 47) . For example, the difference in formation energy between dislocation dipoles in graphene with ten and twelve vacancy units decreases by 1 eV when the supercell size increases from 448 to 720 carbon atoms (12) . Therefore in order to minimize the interaction between dislocation dipoles in neighbouring unit cells very large system sizes are required and DFT calculations become impractical. Using both a continuum elastic model and an empirical bond order potential for periodic systems of a few thousand atoms, Chen and Chrzan (8) we estimate the long-range strain-field correction to our DFT results using this logarithmic scaling law.
The results of this procedure are shown as red dots in figure S16. For the dislocation pair shown in figure 4(d) we estimate this correction by using the defect structures SW5 and SW6 in figure S16 which exhibit a similar dipole-dipole separation.
